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BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 

integrated circuit device and, more particularly, to a 
technique which is effective if applied to a device? 
including a memory mat section where dynamic memory 
15 cells are arranged in a matrix and an input/output 
circuit connected with external terminals. 

A d/n.imic RAjM, in which the threshold voltage of MOSFETs 

contained therein is optimized by a triple-well striicture, is 

proposed in "Mikkei Micro Device", pp. 54 to 56, issued in 

20 March, 1989, rJIKKEI McGRAVJ - H I LL . In this dynamic RA^, 
the memory cells formed on an' N-substrate have their 

soft error resistance improved by making use of the P- 

type well and the N~type substrate junction, and data errors 

(data loss) which might be caused by the undershoot of 

25 input pins or by the minority carriers produced from 

the N-channel MOSFETs of the peripheral circuits, is 

eliminated to improve their data protecting 

cha rac te r i s t ics . 

Specifically, there is disclosed a technique of 

applying V^.^^ to the P-well of memory' mats, as in the 



prior art, and V^^ to the P-well formed with an n-type 
peripheral circuit and an input protection circuit. 

In the aforementioned triple-well structure, in 

order to solve the problem of the substrate effect 

resulting from the finer structure of the elements 

and the drop of the power supply voltage, the well 

region, in which there are formed the P-channel MOSFETs 

and the N-channel MOSFETs constituting the peripheral 

circuits, is fed with a bias voltage which characteristicall 

optimizes the threshold voltage. On the other hand, 

the P-type well region of> the memory array is fed with 

a back bias voltage, as in the prior art. 

Japanese Patent Laid-open No. 267617/1993 
discloses a technique wherein, taking the refresh 
characteristics of memory cells into consideration, 
the ground potential is provided through a resistor to 
the P-well where the memory cells are formed and 
directly to the P-well where the peripheral circuits 
are formed, 

Japanese Patent Laid-Open No. 276673/1991 
discloses a technique wherein the absolute value of 
the well potential of the P-well, in which the N-MOS 
transistors included in peripheral circuits other than sense 
amplifiers are formed, is set higher (or deeper) than 
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that of the well potential of the P-well where the 
N-MOS transistors of the sense amplifiers are formed; and the 
absolute value of the well potential of the P-well 

where the N-MOS transistors included in the sense amplifiers 

are formed is set higher (or deeper) than that of the well 
potential of the P-well where the N-MOSs included in 
the memory cells are formed. 

Japanese Patent Laid-Open No. 83289/1991 
discloses a technique for setting the threshold value 
of the MOS transistors constituting the memory cells 
higher than that of the MOS transistors constituting 
the peripheral circuits. 

Japanese Patent Laid-Open No. 212453/1992 

discloses a technique for setting the well potential of the 

25 P-well for the peripheral circuit section, including a data 
input buffer and a data output buffer, to the ground 
potential and setting the well potential of the P-well for 
the memory cell array to a negative potential or the ground 

potential. — • 

Japanese Patent Laid-open No. 317372/1992 
discloses two techniques: one is a technique for 
setting the well potential of the P-well of the memory 
cell matrix region to an internal voltage, setting 

the well potential of the P-well where N-MOS transistors 

included in the peripheral circuits are formed to the ground 
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potential, and setting the well potential of the P-well 
where N-MOSs for the output buffer are formed to the 
ground potential; the other is a technique for setting 
the well potential of the P-well of the memory cell 
matrix region to an internal voltage, setting the well 
potential of the P-well where the N-MOS transistors included in 
the peripheral circuits are formed to the ground 
potential, and setting the well potential of the 
P-well where an N-type impurity diffusion layer of the 
input protective device is formed to an internal 
voltage . 

Japanese Patent Laid-Open No. 119958/1987 discloses two 

techniques: one is a technique for applying OV to the P-well 

where the N-MOS transistors included in the memory cell array 

are formed, and applying -3V to the P-well where the N-MOS 

transistors included in the peripheral circuits are formed; 

the other is a technique for applying OV to the P-well where 
the N-MOS transistors included in the memory cell array are 
formed and applying -3V to the P-well where the N-MOS 
transistors included in the input circuit and the input 
protection circuit are formed. 

SUMMARY OF THE INVENTION 

There is a tendency for the refresh characteristics 

to worsen as the structure of elements becomes finer. 

More specifically, it has been determined that the 



refresh period has a tendency to become shorter as the 
elements are made finer for a larger storage capacity. These 
refresh characteristics have been analyzed and the following 
has been determined by the Inventors: The reason why the back 
5 bias voltage is fed to the P-type well region where the 

memory cells are formed is because it is necessary to prevent 
the gate voltage of the unselected memory cell from being 
raised by the coupling that occurs with the bit lines, the 
switching MOSFETs from being weakly turned on, and the high 

10 

or low level of the bit lines from being transmitted to a 
storage capacitor, by increasing threshold voltage of the 
switching MOSFETs for address selection. 

Conventionally, the back bias voltage is set only from 

15 this view point, and the aforementioned 

dynamic RAM is also fed with a high negative bias 
voltage V^^, e.g., about -3V, taking the undershoot of 
the input pin into consideration. 

With the finer structure of elements, 
however, the P-type impurity concentration has to be 
made higher as the channel stopper below the field 
insulating film between the memory cells, and the PN 
junction between the storage node (on the storage 
capacitor side) of the switching MOSFETs joined to the 

:5 channel stopper and the source/drain diffusion layer 
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needs to be heavily doped. It has been found that if 
the back bias, voltage of the P-type well region where 
the memory array is formed is raised, as in the prior 
art, the leakage current through the PN junction 
5 consequently increases to shorten the refresh period, 

• as described above. Further^ it has been determined by the 
inventors that the operating speed of the peripheral 
circuits ^ such as sen^e amplifiers, an X-decoder and a 
Y-decoder, becomes low as the bias voltage becomes 

10 high, so that the bias voltage cannot be set equal to 
the back bias voltage of the P-type well region. 

An object of the present invention is therefore to provide 
a semiconductor integrated circuit device which can 
simultaneously improve the refresh characteristics of 

15 dynamic memory cells, the noise-resistance character- 
istics of the input (output) circuit and the operating 
speed of peripheral circuits. 

The aforementioned and other objects and novel 
features of the present invention will become apparent 

20 from the following description with reference to the 

accompanying drawings. 

A representative one of the inventions disclosed herein 

will be summarized as follows: A P-type well region, wherein 

there is formed a memory mat section (portion) in v/hich 

dynamic memory cells are arranged in a matrix, is fed 



- 6 - 



10 



with a back bias voltage whose absolute value is made 
small so as to be the most suitable for the refresh 
characteristics; a P~well region, wherein there are 
N-channel MOSFETs of peripheral circuits such as sense 
amplifiers, an X ( row) -address decoder or a Y{column)- 
address decoder is fed with a back bias voltage whose 
absolute value is made small considering the high- 
speed operation; and a P-type well region, wherein there are 
formed the N-channel MOSFETs of the input circuit or 
the output circuit connected to external terminals, is 
fed with a back bias voltage whose absolute value is 
made large considering the undershoot voltage. 

By the above - speci f ied means, the P-type well 
region, where in the memory array section is formed, 
is fed with a requisite minimum back bias voltage, 
so that the P~type well region where the input circuit 
or the. output circuit corresponding to the external 
terminals is formed can be fed with a back bias voltage to 
20 ^^^^^ a measure against the undershoot, vyhile improving 

current between the source/drain region connected to a 
capacitor and the P-type well, and further the 
operation speed of the peripheral circuit can be 
raised. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram showing one embodiment 
of a dynamic RAM to which is applied the present 
invention; 

Fig. 2 is a block diagram of one embodiment in 
5 which control signals in the dynamic RAM to which is 
applied the present invention are notably shown; 

Fig. 3 is a circuit diagram showing one 
embodiment of a substrate bias generator; 

Figs. 4(a) and 4(b) are structural schematic 
10 sections of an element, showing one embodiment of the 
dynamic RAM according to the present invention; 

Fig. 5 is a circuit diagram of a portion, showing 
an example of a memory mat section in the dynamic RAM 
according to the present invention; 
15 Fig. 6 is a circuit diagram of another portion 

showing an example of a memory mat section in the 
dynamic RAM according to the present invention; 

Fig. 7 is another circuit diagram of a remaining 
portion, showing an example of a memory mat section in 
20 the dynamic RAM according to the present invention; 

Fig. 8 is a circuit diagram showing an example of 
a word driver in the dynamic RAM according to the 
present invention; 

Fig. 9 is a circuit diagram showing an example of 
25 the output buffer in the dynamic RAM according to the 
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present invention; 

Fig. 10 is a characteristic diagram representing 
the relations between external voltage and internal 
voltage, showing an example of the dynamic RAM 
5 according to the present invention; and 

Fig. 11 is a refresh characteristic diagram for 
explaining the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a block diagram of a dynamic RAM to 
10 which is applied the present invention. The 

individual circuit blocks of Fig. 1 are formed on a 
single semiconductor substrate of single crystal 
silicon by a well-known semiconductor integrated 
circuit manufacturing technique. The individual 
15 circuit blocks are drawn to match the geometric arrangement 

in the actual semiconductor chip. m this specification, the 
term "MOSFET" will be used to refer to an insulated-gate 

field-effect transistor (IGFET) . 

In this embodiment, in order to prevent the 
operating speed from being lowered because of the long 
wirings for control signals and memory array drive 
signals, resulting from the enlargement of the chip 
size due to the Increase in the capacity of the 
memory, the following has been made in 
25 the arrangement of a memory array section constituting 
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the RAM and its peripheral section for address 
selection. 

In the same Figure, there is provided a cross 
area which is formed of a vertical central portion and 
a lateral central portion of the chip. This cross 
area is provided mainly with peripheral circuits, and 
the four areas defined by the cross area are provided 
with memory arrays • In short, the cross area is 
provided at the vertical and lateral central portions, 
and in the four areas defined by the cross area, the 
memory arrays are formed. Although not specifically limited 
thereto, the four memory arrays are individually given 
a storage capacity of about 4 Mbits, as will be 
described hereinafter. As a result, the four memory 
arrays are given a total storage capacity as high as 
about 16 Mbits. 

One memory mat MEMORY MAT is so arranged that 
word lines are laterally extended and a pair of 
parallel complementary bit lines (data lines or digit 
lines) are vertically extended. The memory mats 
MEMORY MAT are arranged in pair on both sides of the 
sense amplifier SA. This sense amplifier SA is of a 
so-called "shared sense amplifier", which is used 
commonly by the paired memory mats MEMORY MAT. 

The four split memory arrays are individually 
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provided at their central sides with Y-selectors 
Y-DECODER. Y-selection lines are extended from the 
Y-selectors Y-DECODER over the plurality of memory 
mats MEMORY MAT corresponding to the Y-selectors Y- 
5 DECODER, and used to switch the gates of the column 

switching MOSFETs of the individual memory mats MEMORY 
MAT. 

On a lefthand side of the lateral central 
portion of the aforementioned chip, there are provided 

10 X-related circuits including an X-address buffer 

X-ADDRESS BUFFER, an X-redundancy circuit X-REDUNDANCY 
CKT and an X-address driver X-ADDRESS DRIVER (logic 
step LOGIC STEP); a RAS control signal circuit RAS 
CKT; a WE signal control circuit WE SYSTEM; a data 

15 input buffer DIN BUFFER; and an internal voltage 

limiter VCL LIMITER. The internal voltage limiter VCL 

LIMITER is disposed here at the center of this area and 
receives an external voltage source VCCE at about 5V 
to generate a constant voltage VCL corresponding to a 
20 voltage of about 3.3V fed to the internal circuit. 

At a righthand side of the lateral central 
portion of the aforementioned chip, there are 
provided: Y-related circuits including a Y-address 
buffer Y-ADDRESS BUFFER, a Y-redundancy circuit 
25 Y-REDUNDANCY CKT and a Y-address driver Y-ADDRESS 
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DRIVER (logic step LOGIC STEP); a CAS control signal 
circuit CAS CKT; and a test circuit TEST FUNCTION- In 
the chip central portion, there is provided an 
internal voltage limiter VDL LIMITER for generating a 
power supply voltage VCL for peripheral circuits such 
as an address buffer and a decoder. 

If the address buffers, the X- and Y-redundancy 
circuits X- and Y-REDUNDANCY CKT having address 
comparators corresponding to the address buffers, and 
the CAS and RAS control signal circuits CAS and RAS 
CKT are arranged concentratedly at one place, as 
descried above, a high integration can be achieved and 
the signals can be transmitted through the shortest 
and equal distance paths to the address drivers (logic 
steps) by, for example, separating the clock 
generators from other circuits on both sides of the 
wiring channel, namely, by using these wiring channel 
commonly. 

The RAS control circuit RAS CKT is used to 
receive a row address strobe signal RASB to activate 
the X-address buffer X-ADDRESS BUFFER. The address 
signal taken in by the X-address buffer X-ADDRESS 
BUFFER is fed to the X-redundancy circuit X-REDUNDANCY 
CKT. Here, a comparison is made with the stored 
faulty address to judge whether or not switching to 



the redundancy circuit is made. This result and the 
address signal are fed to the X-predecoder . Here, a 
predecoding signal is generated and fed through 
X-address drivers DV2 and DV3 corresponding to the 
5 individual memory arrays, to individual X-decoders 

X-DECODER corresponding to the aforementioned memory 
mats . 

On the other hand, the internal signal of the 
aforementioned RAS CKT is fed to the WE signal control 

10 circuit WE SYSTEM and the CAS control signal circuit 
CAS CKT. For example, the automatic refresh mode 
(CBR) and the test mode (WCBR) are recognized by 
judging the input sequence of the aforementioned RASB 
signal, a column address strobe signal CASB and a 

15 write enable signal WEB. In the test mode, the test 
circuit TEST FUNCTION is activated and the test 
function is set according to a specific address signal ' 
fed at each timing in the individual private test 
modes provided for public/standard purposes or as 

20 needed . 

The CAS control signal circuit CAS CKT is 
provided for receiving the signal CASB to produce 
various Y-related control signals. The address 
signal, which is taken in the Y-address buffer 

25 Y-ADDRESS BUFFER in synchronism with the change of the 
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signal CASB to the low level, is fed to the 
Y-redundancy circuit Y-REDUNDANCY CKT. Here, a 
comparison is made with the stored faulty address to 
judge whether or not switching to the redundancy 
circuit is made. This result and the aforementioned 
address signal are fed to the Y-predecoder . This 
predecoder generates a predecoding signal. This 
predecoding signal is fed through the Y-address 
drivers DVl corresponding to the four memory arrays, 
to the individual Y-decoders Y-DECODER. On the other 
hand, the aforementioned CAS control signal circuit 
CAS CKT activates the adjoining test circuit TEST 
FUNCTION when it receives the RASB signal and the WEB 
signal, as described above, and recognizes the test 
mode from their input sequence. 

In the upper portion of the vertical central 
portion of the aforementioned chip, there are arranged 
totally sixteen memory mats MEMORY MAT and eight sense 
amplifiers SA, which are laterally symmetric with 
respect to the center axis of the areas. Of these, 
four main amplifiers MA corresponding to the four sets 
of memory mats MEMORY MAT and sense amplifiers SA are 
provided on each of left and right sides. In 
addition, there are provided at the upper part of the 
vertical central portion a booster circuit VCH for 
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receiving the internal limit voltage to select a word 
line and an input pad area responding to input signals 
such as an address signal or a control signal. 

In this embodiment, one block is provided with 
5 the eight memory mats MEMORY MAT and four sense 

amplifiers SA, and accordingly a total of sixteen 
memory mats MEMORY MAT and eight sense amplifiers SA 
are provided laterally syirmietrically with respect to 
the aforementioned vertical axis. By using the main 

10 amplifiers MA the number of which is as small as four, 
in this construction, the amplified signals from the 
individual sense amplifiers SA can be transmitted 
through the short signal transmission paths to the 
main amplifiers MA. 

15 In the lower part of the vertical central portion 

of the aforementioned chip, there are also arranged 
totally sixteen memory mats MEMORY MAT and eight sense 
amplifiers SA, which are laterally symmetric with 
respect to the center axis of the areas. Of these, 

20 four main amplifiers SA corresponding to four sets of 
memory mats MEMORY MAT and sense amplifiers SA on each 
of both sides are provided. 

In addition, there are provided substrate voltage 
generators VBB for generating negative bias voltages 

25 to be fed to the substrate by receiving the internal 
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limit voltage, input pad areas corresponding to the 
input signals such as the address signals and the 
control signals, and a data output buffer circuit 
OUTPUT BUFFER. By using the main amplifiers MA the 
number of which is as small as four like the above 
case, the amplified signals from the individual sense 
amplifiers SA can be transmitted through the short 
signal transmission paths to the main amplifiers MA. 

The region of the aforementioned vertical central 
portion is provided with a variety of bonding pads, 
although omitted in the same Figure. These bonding 
pads include, e.g., pads for supplying external power, 
and as many as totally ten and several pads are 
arranged generally in line for supplying the ground 
potential of the circuit to increase the input level 
margin, i.e., to lower the power supply impedance. 
These ground potential pads are connected to the 
ground potential leads which are formed by an LOG 
technique and extended in the vertical direction. 
Some of these ground pads are especially provided 
mainly to lower the power supply impedance. For 
example, pads for clearing the word lines, pads for 
preventing the floating of the unselected word lines 
of the word driver due to the coupling, and padk for 
25 the common source of the sense amplifiers. 
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As a result, the ground potential of the circuit 
can minimize not only the generation of noise but also 
the propagation of the noise of the circuit grounding 
lines between the internal circuits, classified into a 
plurality of kinds, because the power supply impedance 
is lowered with respect to the operation of the 
internal circuit and the grounding lines between the 
internal circuits are connected by a low-pass filter 
made up of an LOG lead frame and bonding wires - 

In this embodiment, the pads corresponding to the 
external power supply VCC of about 5V are so provided 
as to correspond to the internal limiters VCL and VDL 
LIMITER which perform the aforementioned voltage 
transformation. This provision is made, as described 
above, to lower the power supply impedance and to 
suppress the noise propagation of the voltages (VCL, 
VDL and VCC) between the internal circuits. 

Pads for inputting addresses and pads for the 
control signals RAS, CAS, WE and OE are arranged in 
the area of the aforementioned central portion. There 
are further provided not only the data inputting and 
outputting pads but also the following pads for 
bonding mastering, monitoring and controlling the 
monitoring pads. 

The bonding mastering pads include those for 
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designating a static column mode, a nibble mode and a 
write mask function for the construction of x 4 bits. 
The monitoring pads include those for monitoring the 
internal voltages VCL, VDL, VL, VBB, VCH and VPL. The 
5 VPL monitoring judges, in a probing, whether or not 
the VPL adjustment has been properly made. 

The internal voltage limiter VCL LIMITER produces 
the power supply voltage of about 3.3V for the 
peripheral circuits. The internal voltage limiter VDL 

10 LIMITER produces the power supply voltage VDL of about 
3.3V fed to the memory arrays, i.e., the sense 
amplifiers SA. The booster circuit VCH receives the 
internal voltage VCL to produce a word line selecting 
level boosted to about 5.3V and a boost power supply 

15 voltage for selecting the shared switch MOSFET. There 
are provided two substrate voltage generators, one of 
which produces a voltage of -2V fed to a P-type well 
region provided with the N-channel type MOSFETs 
constituting the input/output circuit, and the other 

20 of which produces a voltage of -IV fed to a P-type 

well region provided with the memory mat MEMORY MAT. 
The plate voltage generator VPL produces the plate 
voltage of the memory cells. 

In the dynamic RAM of this embodiment, the P-type 

25 well regions provided with the N-channel MOSFETs are 
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classified into the following three in accordance with 
the back bias voltages fed thereto- The first P-type 
well regions are the peripheral circuits (the first 
circuit portion) of the aforementioned memory arrays, 
5 and the peripheral circuits include the precharging 

circuits for precharging the data lines connected with 
the dynamic memory cells, the sense amplifiers, and 
the switch MOSFETs for connecting the sense amplifiers 
and the data lines. The second P-type well regions 
10 are provided with the memory arrays, in which the 

dynamic memory cells are arranged in a matrix, and the 
third P-type well regions are provided with the input 
circuit or the output circuit (the second circuit 
portion) connected with external terminals. The 
15 aforementioned memory arrays are portions where only 
the memory cells are arranged in matrices. 

The three-divided P-type well regions described 
above do not imply that there are three regions 
physically. Specifically, the second P-type well 
20 regions where the memory arrays are formed are a 

plurality of regions corresponding to the memory mats 
divided in plurality. Likewise, the first P-type well 
regions provided with the peripheral circuits is a 
plurality of regions corresponding to the 
25 aforementioned memory mats and the logic circuit 
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blocks constituting the address decoders and the 
control circuits. Moreover, the third P-type regions 
are suitably divided because the input/output circuits 
connected with the external terminals are separated by 
the circuits such as the main amplifiers MA and the 
voltage generators VCH and VBB, as shown in Fig. 1. 

The second P-type well regions provided with the 
memory arrays are fed with a back bias voltage having 
a small absolute value such as -IV for the reasons 
which will be described later. On the contrary, the 
third P-type well regions provided with the 
input/output circuits (the second circuit portion) are 
fed with a back bias voltage having a large absolute 
value, e.g., -2V that no forward bias is applied 
between the semiconductor region, to which it is 
transmitted by the undershoot of the external 
terminals, and the P-type well region. The first 
P-type well regions provided with the peripheral 
circuits (the first circuit portion) other than the 
aforementioned memory arrays and input/output circuits 
are fed with the ground potential of the circuit. As 
a result, the threshold voltage of the MOSFETs of the 
peripheral circuits can be lowered to raise the 
operation speed. Especially in the structure in which 
the supply voltage is lowered to 3.3V and the internal 
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voltage is lowered 1:o about: 2.2V by the internal 
limiters, the conductance of the MOSFETs for the input 
signals of such small amplitudes can be increased -to 
raise the operation speed. 
5 Of the three divided P-type well regions, the 

first P-type well regions where the peripheral 
circuits are formed are fed with the ground potential 
of the circuits, so .that no substrate bias generator- 
is provided. In order that the other two, i.e., 
10 second and third P~type well regions are fed with the 
different back biases, there are provided the two 
substrate bias voltage generators VBB, as described 
above. 

Of the circuits shown in Fig. 1, the circuits belonging to 

15 the peripheral circuits (the first circuit portion, the first 

circuit, or the first circuit section) include the following: 

The sense amplifiers SA; the X-selector (the first decoder) 
X-DECODER; the Y-selector (the second decoder) 

Y-DECQDER; the X-redundancy circuit X-REDUNDANCY CKT; 

20 -. the X-address driver X-ADDRESS DRIVER; the 

Y-redundancy circuit Y-REDUNDANCY CKT; the Y--address 
driver Y-ADDRESS DRIVER; the internal voltage limiter 
VOL LIMITER; the internal voltage limiter VCL LIMITER; 
the main amplifiers MA; the (boosted) voltage 

25 generator VCH; and the (substrate) voltage, generator 
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VBB; and the test circuit TEST FUNCTION. .• 

Of the circuits shown in Fig. 1, the circuits . 
belonging to the input/output circuits (the second 

circuit portion, the chip internal /external interf ace portion, 
the -second ^circuit, or the second circuit secfei6rp^;conrfe:t6a -.tb.- the ekternal 
terminals include the following : The RAS ( Row- Address Strobe)- . • .. •. 
control signal circuit RAS CKT; the CAS (Column . 
Address Strobe) control signal circuit CAS CKT; the WE 
(Write Enable) signal control circuit WE SYSTEM; the 
data input buffer- DIN BUFFER; the data output buffer 
OUTPUT. BUFFER; the X-address buf f er . X-ADDRESS BUFFER; 
and the Y-address buffer Y-ADDRESS BUFFER. - 
incidentally, the data input buffer and the data ■ -. 

output buffer may be arranged close to each other and ... 
united into an input/output buffer. Of the RAS . 
control circuit RAS CKT, only the RAS signal buffer 
portion coupled directly to the external RAS signal 
terminal for receiving the RAS signal may be defined • . 
as the input/output circuit (the second circuit . 
portion), and the circuits of the succeeding stages ' " 
may be defined as the peripheral circuits. Of the CAS 
control signal circuits, only the CAS signal buffer, 
portion coupled directly to the external CAS signal 
terminal for receiving the CAS signal may be defined 
25 as the input/output circuit (the second circuit . 
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portion), and the circuits of the succeeding stages 
may be defined as the peripheral circuits. Of the WE 
signal control circuit WE SYSTEM, only the WE buffer 
portion coupled directly to the external WE signal 
5 terminal for receiving the WE signal may be defined as 
the input/output circuit (the second circuit portion), 
and the circuits of the succeeding stages may be 
defined as the peripheral circuits. 

The sense amplifiers SA are arranged between the 

10 memory mats constituting the memory array. In order 

to reduce the area occupied by the memory mats and the 
sense amplifiers SA, the N-channel MOSFETs in the 
memory mats and the N-channel MOSFETs in the sense 
amplifiers SA may be formed in the same p-well* In 

15 this case, the sense amplifiers is not .included in the 
peripheral circuits (the first circuit portion). In 
order to reduce the area occupied by the memory mats 
and the X-selectors (or Y-selectors ) , moreover, the 
N-channel MOSFETs in the memory mats and the N-channel 

20 MOSFETs in the X-selector (or Y-selector) may be 
formed in the same p-well. In this case, the 
X-selector (or the Y-selector) is not included in the 
peripheral circuits (the first circuit portion). The 
X-address buffer and the Y^address buffer may be 

25 included together to define the address signal input 
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circuit. In this case, the address signal input 
circuit is coupled to the external address input 
terminal for receiving the (external) X-address signal 
and the (external) Y-address signal, to produce the 
5 internal X-address signal (the first internal address 
signal) on the basis of the X-address signal (the 
first address signal) and to produce the internal 
Y-address signal (the second internal address signal) 
on the basis of the Y-address signal (the second 

10 address signal). The external terminals include, the 
address signal input terminals fed with the X-address 
signal and the Y-address signal, the row address 
strobe signal input terminal; the column address 
strobe signal input terminal, the write enable signal 

15 input terminal, the chip enable signal input terminal, 
and the data (input/output) terminals for inputting 
the external data or for outputting the internal data. 

Fig. 2 is a block diagram in which the control 
signals are especially shown in the dynamic RAM to 

20 which is applied the present invention. Fig, 2 is 
drawn in conformity with the aforementioned layout 
diagram of Fig. 1. 

The RAS control circuit RAS CKT is used to 
activate the X-address buffer X-ADDRESS BUFFER on 

25 receiving to the signal RASB. The address signal 
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received by the X-address buffer X-ADDRESS BUFFER is 
fed to the X-redundancy circuit X-REDUNDANCY CKT . 
Here, a comparison is made with the stored faulty 
address to decide whether or not switching is made to 
the redundancy circuit. 

The result and the aforementioned address signal 
are fed to the X-predecoder X-PRE DEC (Xl^ AXnl ) . 
Here are produced the predecode signal Xi and AXnl, 
which are fed through the X-address drivers XiB and 
AXnl corresponding to the respective memory arrays, to 
the respective X-decoders X-DEC so provided as to 
correspond to the aforementioned memory mats MEMORY 
MAT* In Fig, 2, only one driver is shown as a 
representative. 

The internal signals of the RAS are fed to the WE 
control circuit WE CONTROL and the CAS control circuit 
CAS CONTROL (CKT). For example, the order of 
inputting the RASH signal, the CASH signal and the WEB 
signal is determined to recognize the automatic 
refresh mode (CBR) and the test mode (WCBR). In the 
test mode, the test circuit TEST FUNCTION is activated 
to set the test function in accordance with the 
specific address signals which are fed when in the 
aforementioned public/standardization test mode and in 
the private test mode. 
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Of the address signals received by the 
aforementioned X-address buffer X-ADDRESS BUFFER, the 
address signal for commanding the selection of the 
memory mats is transmitted to the mat select circuit 
MSIL/M, and one of the plurality of memory mats MEMORY 
MAT provided in each memory array is selected. Here, 
CSs so provided as to correspond to the memory mat 
MEMORY MAT are common source switching MOSFET. 

The four main amplifiers MA correspond to the 
four pairs of complementary data lines (4 bits) from 
total of eight memory mats which are laterally 
symmetric with respect to the main amplifiers MA. One 
of the eight memory mats is selected in response to 
the memory mat select signal MSiL/R. This selection 
is executed by a unit mat control circuit UMC. Fig. 2 
shows one set of four pairs of main amplifiers MA, 
whereas the other three sets of main amplifiers are 
shown in the form of black boxes by broken lines. 

The mat selecting circuit MSiL/R produces four 
selecting signals MSOL/R to MS3L/R. When the signal 
MSOL is produced, for example, the four corresponding 
memory mats are selected. Since these four memory 
mats MSOL have input/output nodes of 4 bits 
respectively, they correspond to the aforementioned 
four main amplifiers MA. 
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The CAS control circuit CAS CONTROL (CKT) is used 
to provide a variety of Y-control signals in response 
to the signal CASE. In synchronism with a change of 
the signal CASB to the low level, the address signal 
received by the Y-address buffer Y-ADDRESS BUFFER is 
fed to the Y-redundancy circuit Y-REDUNDANCY CKT. 
Here, a comparison is made with the stored faulty 
address to judge whether or not switching is made to 
the redundancy circuit. 

This result and the aforementioned address signal 
are fed to the Y-predecoder Y-PRE DEC (Yl, AYnl ) . 
Here are produced the predecode signals Yl and AYnl . 
These predecode signals Yi and AYnl are fed to the 
respective Y-decoders Y-DEC through the Y-address 
drivers (the final stage) YiB and AYnl so provided as 
to correspond to the four individual memory arrays. 
In Fig. 2, only one Y-driver YiB and AYnlB is shown as 
a representative. 

The aforementioned CAS control circuit CAS 
CONTROL (CKT) activates the adjoining test circuit 
TEST FUNCTION when it receives the RASB signal and the 
WEB signal to recognize the test mode by judging their 
input order. 

Although omitted in Fig. 2, the bonding pads fed 
with the address signals and the control signals are 
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gathered and arranged in the central portion of the 
chip. As a result^ the distance from each pad to the 
corresponding circuit can be shortened to a 
substantially equal length- By adopting this layout 
5 of the embodiment, therefore, the address signals and 
the control signals can be taken in at a high speed 
while minimizing the skew which is caused between the 
address signals of plural bits- 

As shown in Fig. 2, the power supply VDL for the 

10 sense amplifiers (SA) and the power source VCL for the 
peripheral circuits are also arranged in the central 
portion of the chip. As a result, the various 
voltages can be supplied to the circuits arranged at 
the four corners of the chip, through the short and 

15 equal length wirings. In the circuits, moreover, 

capacitors, not shown, are dispersedly arranged along 
the power supply lines. They have relatively large 
capacitance to stabilize the voltage, i.e., to lower 
the power supply impedance. 

20 Fig. 3 is a circuit diagram showing one 

embodiment of the substrate bias generator. The 
substrate bias generator of this embodiment is a 
circuit for producing the back bias voltage having a 
high absolute value such as -2V fed to the second 

25 P-type well regions where the aforementioned 
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inputr/outpul: circuit:s are formed. 

In order to generate the substrate bias voltage 
efficiently with a low power consumption, oscillation 
pulses OSC and OSCB are intermittently fed to the next 
5 charge pump circuity as in the case where the absolute 
value of the bias voltage is decreased from the above 
value, 2, of -2V by the later-described control 
circuit, to generate the negative back bias voltage 
VBBl so that the back bias voltage of -2V may be 

10 established. The aforementioned oscillation pulses 

OSC and OSCB are so produced as to be in the opposite 
phases but not overlapped by the pulse generator which 
is constructed of inverter circuits N6 to N9 
constituting a delay circuit, gate circuits G4 and G5 

15 and an output inverter circuit NIO. 

The aforementioned oscillation pulses OSC and 
OSCB in the opposite phases are transmitted to two 
alternately operating charge pump circuits, so that 
the preparatory operation and the output operation are 

20 alternately effected to produce a negative voltage 

efficiently. Specifically, when the oscillation pulse 
OSC is at the low level, the outputs of the inverter 
circuits Nl and N2 are at the high level. Since, at 
this time, the P-channel MOS-FETs Ql and Q2 are turned 

25 on by the negative voltage of the potential of the 
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node A, the capacitors CI and C2 are precharged. 

At this time, the oscillation pulse OSCB is at 
the high level, the -voltage held by the capacitor C3, 
which has been charged up in the previous cycle by the 
5 low level of the output signal of the inverter circuit 
N3, is turned negative to turn on the P-channel type 
switching MOSFET Q7 • As a result, in response to the 
low level of the inverter circuit N4 corresponding to 
the high level of the oscillation pulse OSCB, the 

10 negative voltage of the node A of the capacitor C4 is 
also outputted as the back bias voltage VBBl through 
the switching MOSFET Q7. 

Next, when the oscillation pulse OSC changes to 
the high level, the output signal of the inverter 

15 circuit Nl changes to the low level so that the 

voltage held by the capacitor C3 is turned negative by 
the aforementioned previous charge-up operation, to 
turn on the P-channel type switching MOSFET Q3- In 
synchronism with this, the output signal of the 

20 inverter circuit N2 is also changed to the low level 
so that the negative voltage of the node B of the 
capacitor C2 is outputted as the back bias voltage 
VBBl through the aforementioned switching MOSFET Q3 in 
the ON state. 

25 At this time, the oscillation pulse OSCB is at 
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the low level, and the P-channel type MOSFETs Q5 and 
Q6 are on by the high level of the output signal of 
the inverter circuits N3 and N4 and the negative 
voltage of the node B so that the capacitor C3 and C4 
5 are charged up. When the oscillation pulses OSC and 
OSCB are changed, the negative voltage outputting 
operation is executed on one side whereas the 
charge-up operation is executed on the other side, so 
that an efficient charge pumping action is executed. 

10 Reference designator M3 designates the metal 

wiring which can be formed by a master slice method to 
make a diode connection of the MOSFETs Q3 and Q7. At 
this time, the negative voltage produced by the 
aforementioned capacitors CI and C3 is invalidated so 

15 that the negative voltage to be produced by the 

capacitor C2 or C4 is lowered by the threshold voltage 
of the MOSFETs Q3 and Q7 and is outputted. 

The substrate bias generator for supplying a bias 
voltage of -1 V to the first P-type well regions where 

20 the memory array are formed is constructed of a 

circuit similar to the circuit of Fig. 3. However, 
the operating voltages of the inverter circuits Nl to 
N4 for establishing the high level to precharge the 
capacitors CI to C4 are low voltages produced by the 

25 internal limiter. For example, when the power supply 
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voltage supplied from the external terminals is at 5V, 
the operating voltage is the constant voltage VDL such 
as of about 3.3 V, as described above. When the power 
supply voltage fed from the external terminals is at 

5 about 3.3V, it is the constant voltage VDL such as of 
about 2.2V, established by the internal limiter. 

When the power supply voltage VCCE supplied from 
the external terminals is about 5V whereas the 
constant voltage VDL of the internal voltage limiter 

10 is about 3.3V, as described above, the wiring M3 in 

the charge pump circuit for producing the bias voltage 
fed^ to the first P-type well region is made by 
connecting the aforementioned MOSFETs Q3 and Q7 in the 
form of a diode by the aforementioned master slice 

15 method. As a result, the bias voltage such as of -1 
whose absolute value is small, as described above, is 
produced by making use of the voltage drop due to the 
threshold voltage of those MOSFETs Q3 and Q4. 

When the power supply voltage VCCE supplied from 

20 the external terminals is at about 3.3 V whereas the 
constant voltage VDL of the internal voltage limiter 
is as low as about 2.2 V, in the charge pump circuit 
for producing the bias voltage fed to the first P-type 
well region, a switching signal of a negative voltage 

25 is produced by the capacitors CI and C3 through the 
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v/iring M3 by the aforementioned master slice method. 
These MOSFETs Q3 and Q7 are switched to efficiently 
produce the back- bias voltage of -IV, as above, even 
at the low voltage as described above. 
5 The gate circuits Gl to G3 intermittently output 

the oscillation pulses OSC and OSCB in accordance with 
the combination of the signals fed to their inputs so 
that the substrate bias voltage may be set to -2V, as 
described above. As a result, the useless current 
10 consumption is suppressed, and the substrate bias 

voltage is controlled to a constant level. Moreover, 
when the power supply voltage is raised for the 
burn-in test, the substrate bias voltage is raised in 
response to the rise of the power supply voltage. The 
15 substrate bias circuit for producing the substrate 
bias voltage such as of -IV of the aforementioned 
memory array is also equipped with a control circuit 
for raising the bias voltage in accordance with the 
constant voltage and the burn-in test. 
20 Figs. 4(a) and 4(b) are sections showing the 

schematic element structure in a dynamic RAM according 
to the present invention. Fig. 4(A) presents an 
example using an N-type substrate (N-SUB), and Fig. 
4(B) presents an example using a P-type substrate 
25 (P-SUB). 
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In Fig, 4(A), the N-type substrate is used. This 
embodiment has a triple-well structure using the 
N-type substrate. In this N-type substrate N-SUB, 
deep P-type wells PWELLftl and PWELL#2 are formed. In 
5 this deep P-type well PWELL#1 formed are a third 
p-type well region BP3 where an N-channel MOSFET 
constituting the input/output section is formed, and a 
third N-type well region BN3 where a P-channel MOSFET 
is formed. 

10 The third N-type well region BN3 where formed is 

the P-channel MOSFET constituting the aforementioned 
input/output section is fed with a power supply 
voltage VCC or the boosted voltage VCH. The third 
P-type well region BPS where formed is the N-channel 

is MOSFET constituting the aforementioned input/output 
section is fed with a bias voltage VbbI/01 of -2V, 
which is produced by the aforementioned substrate bias 
generator, although not shown in detail. The P-type 
well region PWELL#1 where formed is the input/output 

20 section is fed with the ground potential VSS of the 

circuit through a P-type well region BP4 . The N-Type 
well region BN4 constituting a guard ring is fed with 
the power supply voltage VCC, and absorbs the minority 
carriers in the deep P-type well region PWELL. 

25 The N-channel MOSFET and the P-channel MOSFET 
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constituting the peripheral circuit are formed in the 
second P-type well region BP2 and the second N-type 
well region BN2 formed in the deep P-type well region 
PWELL#2 isolated from the deep P-type well region 
PWELL#1 constituting the input/output section. The 
second N-type well region BN2 where formed is the 
P-channel MOSFET constituting the peripheral circuit 
is fed with the power supply voltage VCC or the 
boosted voltage VCH- As will be described later, for 
example, the second N-type well region BN2 where 
formed is the P-channel MOSFET constituting the word 
driver to produce the selecting signal of the word 
lines in response to the boosted voltage is fed with 
the boosted voltage VCH. The second N-type well 
region BN2 where formed is the P-channel MOSFET 
constituting the circuit such as a decoder operated by 
the internal power supply voltage is fed with the 
voltage VCC. The second P-type well region BP2 where 
formed is the N-channel MOSFET is fed with the ground 
potential VSS (Vbbperi), although not shown in detail. 

The first P-type well region BPl where formed is 
the memory array (or memory mats) is formed in the 
aforementioned N-substrate N-SUB and is fed with a 
substrate bias voltage VBBmat of -IV. Around this 
memory array, there is provided a guard ring which 
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includes a pair of deep P-type well regions PWELL#3 
and an N-type well region BN5 sandwiched by the P-Type 
well regions PWELL#3 in the N-type substrate N-SUB. 

In Fig. 4(B), there is used the P-type substrate. 
5 This embodiment has a triple-well structure using the 
P-type substrate. In this P-type substrate P-SUB, 
deep N-type wells NWELL#1 and NWELL#2 are formed. In 
this deep N-type well NWELL#1 formed are a third 
P-type well region BP3 where an N-channel MOSFET 
10 constituting the input/output section if formed, and a 
third N-type well region BN3 where a P-channel MOSFET 
is formed . 

The third N-type well region BN3 where formed is 
the P-channel MOSFET constituting the aforementioned 

15 input/output section is fed with the power supply 
voltage VCC or the boosted voltage VCH. The third 
P-type well region BP3 where formed is the N-channel 
MOSFET constituting the aforementioned input/output 
section is fed with the bias voltage Vbbl/Ol of -2V, 

20 which is produced by the aforementioned substrate bias 
generator; although not shown in detail- The N-type 
well region NV/ELL#1 where formed is the input/output 
section is fed with the power source voltage VCC. The 
fourth N-type well region BN4 constituting the guard 

25 ring is fed with , the power supply voltage VCC. The 
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fourt:h P -type well region BP4 is fed with the ground 
potential VSS. The substrate P-SUB is fed with the 
ground potential VSS of the circuit- 

The N-channel MOSFET and the P-channel MOSFET 
5 constituting the peripheral circuit are formed in the 
second P-type well region BP2 and the second N-type 
well region BN2 formed in the P-type substrate P-SUB. 
The second N-type well region BN2 where formed is the 
P-channel MOSFET constituting the peripheral circuit 
10 is fed with the power supply voltage VCC or the 

boosted voltage VCH. As will be described later, for 
example, the second N-type well region BN2 where 
formed is the P-channel MOSFET constituting the word 
driver to produce the selecting signal of the word 
15 lines in response to the boosted voltage is fed with 
the boosted voltage VCH. The second N-type well 
region BN2 where formed is the P-channel MOSFET 
constituting the circuit such as a decoder operated on 
the internal power supply voltage is fed with the 
20 voltage VCC (Vbbperi). The second P-type well region 
BP2 where formed is the N-channel MOSFET is fed with 
the ground potential VSS, although not shown in 
detail . 

The memory array (or memory mats) is formed in 
25 the first P-type well region BPl which is formed in 
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the deep N-type well region NWELL#2. This first 
P-type well region BP is fed with the substrate bias 
voltage VBBmat of -IV. In the periphery of the memory 
array, there is provided a guard ring which includes a 
5 shallow N-type well region BN5 and a pair of shallow 
fifth and sixth P-type well regions BP5 and BP6 so 
formed as to sandwich the shallow N-type well region 
BN5. The fifth, N-type well region BN5 is fed with the 
power supply voltage VCC, and the sixth P-type well 
10 region BP6 is fed with the ground potential VSS of the 
circuit. 

Figs. 5 to 7 are circuit diagrams showing one 
embodiment of the memory mat portion in the dynamic 
RAM according to the present invention. The memory 

15 mats of this embodiment are of the aforementioned 

shared sense amplifier type. Therefore, two memory 
mats are arranged across the sense amplifiers. 

In Fig. 5, there are shown P-channel amplifying 
MOSFETs constituting sense amplifiers, precharging 

20 circuits, and switching MOSFETs connecting sense 
amplifiers and the data lines of the memory array 
disposed on the left-hand side of the sense 
amplifiers. The memory array is formed in the first 
P-type well region BPl. This first P-type well region 

25 is fed with a substrate bias voltage having a small 
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absolute value, such as of --1V, as described above • 

The P-channel amplifying MOSFETs constituting the 
sense amplifiers are formed in the N-type well region 
BN* The N-channel type switching MOSFETs connecting 
5 the data lines of the left-hand memory array and the 
sense amplifiers, the N-channel type precharging 
MOSFETs for shorting the data lines and feeding the 
half precharging voltage, and the N-channel amplifying 
MOSFETs constituting the sense amplifiers shown in 
10 Fig* 6 are formed in the third P-type well region. 

This third P-type well region is fed with the ground 
potential of the circuit, as described above. 

In Fig. 6, there are shown the aforementioned 
N-channel type amplifying MOSFETs, the P-channel type 
15 amplifying MOSFETs and the N-channel switching MOSFETs 
connecting the memory array on the right-hand side and 
the data lines and the sense amplifier. In this 
embodiment, in order to compensate the input offsets 
of the sense amplifiers, the sense amplifiers activate 
20 the N-channel amplifying MOSFETs at first at the start 
of its amplification so that the variation of the 
threshold voltages between the gates and sources of 
the n-channel amplifying MOSFETs is compensated by 
making use of the capacitors disposed on the source 
25 side- 



- 39 - 



Specifically, -the source potential is lowered to 
the ground potential through the capacitor thereby to 
effect the amplification at the first stage. When the 
amplification signal is amplified, the N-channel 
MOSFET connected between the source of the amplifying 
MOSFET and the common source line is turned on to 
start the ordinary amplifying operation. After this, 
the P-channel amplifying MOSFET is activated to raise 
the high level, which has been lowered by the 
aforementioned amplification of the N-channel 
amplifying MOSFET, to the power supply voltage level. 

The aforementioned P-channel amplifying MOSFET is 
formed in the N-type well region, and the N-channel 
switch MOSFET connecting the data lines of the 
righthand memory array and the sense amplifier is 
formed in the third P-type well region fed with the 
ground potential of the circuit. Moreover, the memory 
array is formed in the first P-type well region. This 
first P-type well region is fed with the substrate 
bias voltage such as -IV, as described above. 

Fig. 7 shows the aforementioned memory array and 
the column switch. Like this embodiment, the column 
switch is disposed at the righthand end portion of the 
two memory arrays sandwiching the sense amplifier, so 
that the amplification signal of the lefthand memory 
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array is connected with the input/output lines by- 
using the data lines of the righthand memory array, 
which is made unselected at that time, as the signal 
wiring lines- In other words, when the left-hand 
memory array is read, the right-hand memory array 
switching MOSFET is turned on after the sense 
amplifier is activated, and the transmission is made 
to the aforementioned input/output lines by making use 
of the data lines as the signal lines. In reading the 
right-hand memory array, the transmission is made to 
the input /output lines through the column switch 
MOSFET where its data line signal is selected. The 
aforementioned column switch is composed the N-channel 
MOSFETs. These column switch MOSFETs are formed in 
the third P-type well region and fed with the bias 
voltage such as the ground potential of the circuit. 

Fig. 8 is a circuit diagram showing one 
embodiment of the word driver. The potential of the 
word driver needs to be made higher by the threshold 
voltage of the MOSFET for selecting the address of the 
memory cell than the operating voltage of the sense 
amplifier so as to perform the full write of the 
storage capacitor. Hence, the operating voltage is 
set to a boosted voltage such as the VCH. On the 
other hand, the decoder or the like has to be 
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subjected to level transformation because the internal 
limited voltage is used. 

In this embodiment, the signals A to C are 
decoded by the gate circuit Gl to generate the memory 
5 array selecting signal. Since this signal is lower 
than the boosted voltage VCH, as described above, a 
level-changed signal WPH is produced by the gate 
circuits G2 and G3 in the form of a latch operated on 
the boosted voltage VCH and the inverter circuit N2. 
10 In the selected memory array, the signal WPH goes 

to the high level VCH to turn off the P-channel 
MOSFETs. All the N-channel MOSFETs which receive the 
decoder outputs DECl to DEC3 are turned on to produce 
the selecting signal at the low level. As a result, 
15 the P-channel MOSFETs constituting the word driver are 
turned on to raise the level of the word line WLi to 
the high level VCH. The P-channel MOSFETs which 
receive the word line WLi are P-channel MOSFETs for 
feedback, and their conductances are small, so that 
20 the input signal of the word driver is set to- the low 
level by the aforementioned decoder outputs DECl to 
DEC3 . 

For the unselected word lines, the feedback 
P-channel MOSFETs for feedback which receive the low 
25 level of the word lines are on to fix the input signal 
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of the word driver to the VCH. In the unselected 
memory array, the signal WPH is at the low level to 
fix the input of the word driver to a high level, 
e.g-, VCH, 

5 In this peripheral circuit, the N-type well 

region BN provided with the P-channel MOSFETs for 
outputting the signal at the high voltage level VCH is 
fed with the corresponding high voltage VCH. In 
short, as shown in Fig. 3, the N-type well region is 
10 fed with the bias voltage such as VCC/VCH according to 
the operating voltage which is fed to the sources of 
the P-channel MOSFETs formed in the N-type well 
region . 

Fig. 9 is a circuit diagram showing one embodi- 
15 ment of the output buffer. This output buffer is made 
up of an output control circuit and an output circuit. 
The output circuit comprising a CMOS circuit including 
a P-channel output MOSFET Ql and an N-channel output 
MOSFET Q2. The output control circuit comprising gate 
20 circuits Gl and G2, inverter circuits Nl to N3 and 
resistors Rl and R2. 

The N-channel output MOSFET Q2 is formed in the 
second P-type well region BP2 and is fed with the 
substrate bias voltage VBBl such as of -2V so that the 
25 drain of the output MOSFET Q2 and the second P-type 
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well region may not be forward biased by the 
undershoot transmitted from the external terminal 101. 
The P-channel output MOSFET Ql is formed in the N-type 
well region, and the source is fed with the power 

5 supply voltage VCCE. Although not shown, therefore, 
the N-type well region is fed with the power supply 
voltage VCCE as the bias voltage. 

On the contrary, the N-channel MOSFETs 
constituting the gate circuits Gl and G2 and the 

10 inverters Nl to N3 constituting a control circuit are 
formed in the third P-type well region, and are fed 
with the ground potential of the aforementioned 
circuit as the bias voltage. Incidentally, the P- 
channel MOSFETs constituting the control circuit are 

15 formed in the N-type well region and are fed with the 
power supply voltage corresponding to the operating 
voltage as the bias voltage. 

Fig. 10 is a characteristic diagram illustrating 
the relations between the external voltages and the 

20 internal voltages of one embodiment of the dynamic RAM 
according to the present invention. In this 
embodiment, from the external terminal, an external 
power supply voltage Vext of about 3.3V is supplied. 
For this external power supply voltage Vext of 3.3V, 

25 the internal voltage is made constant for the 
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operations in the hatched region A. In other words, 
the substrate voltage Vbbmat of the memory array is 
stabilized to about -IV even if the external power 
supply voltage Vext fluctuates within an allowable 
range around 3-3V. The input/output section may be 
stabilized to VbbI/01 of about -2V or may be changed 
depending on the external power supply voltage of 
VbbI/02. 

In order to make efficient the acceleration test 
for the burn-in (or aging) test, the internal voltage 
is raised according to the rise in the power supply 
voltages when the power supply voltage VCCl is raised 
above the ordinary allowable range. Specifically, if 
the power supply voltage for the burn-in test is set 
to a value in the hatched region B, the internal 
voltage is accordingly raised. 

The voltage VCH is a boosted voltage at which the 
word lines is selected. The voltage Vccl is an 
(internal) power supply voltage, and the voltage Vcc2 
is also an (internal) power supply voltage but higher 
than the voltage Vccl. If these two kinds of internal 
power supply voltages are thus prepared, the voltage 
Vcc2 can be used in place of the voltage Vccl in the 
circuit which is required to have a high speed 
operation or a noise resistance. The voltage Vcchalf 
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if an internal voltage half level of the power supply 
voltage Vccl and is used as the plate voltage of the 
memory cells. The voltage Vbbperi is a voltage fed to 
the P-well of the peripheral circuit (or first circuit 
5 portion). The voltage Vbbmat is a voltage fed to the 
P-well of the memory mats. The voltage VbbI/01 or 
VbbI/02 is a voltage fed to the P-well of the 
input/output circuit (or second circuit portion). 

Fig. 11 is a refresh characteristic diagram for 

10 explaining the present invention. The refresh period 
has to be determined in conformity with the cell 
having the worst refresh characteristics out of a 
large number of memory cells of about 16 Mbits or 64 
Mbits. It will be understood from Fig. 11 that the 

15 refresh time tREF necessarily becomes longer as the 
substrate bias voltage Vbb is made shallower. 

Even in the memory cells having identical 
characteristic, as the absolute value of the 
aforementioned substrate bias voltage is made smaller, 

20 the voltage applied between the source/drain connected 
with the capacitor of the memory cell and the 
substrate becomes lower to reduce the leakage current 
accordingly. This is because, as the storage capacity 
is increased to about 16 Mbits or 64 Mbits, the 

25 capacitance of the storage capacity becomes smaller. 
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and hence the af orementrioned leakage current cannot be 
ignored. In a dynamic RAM having such a large storage 
capacity, it is almost impossible to uniform the 
characteristics of all the memory cells. Some memory 
cells of one or several bits may have a short refresh 
time to accordingly increase the consumption current 
for setting the refresh period. 

With the structure according to the present 
invention, in which the substrate bias voltage is set 
to the necessary minimum to lower the voltage between 
the source/drain connected with the capacitors of the 
memory cells and the substrate thereby to reduce the 
leakage current, the refresh period of the dynamic RAM 
having a large storage capacity can be drastically 
elongated to reduce the power consumption accordingly. 

The following operations and effects are achieved 
by the embodiments thus far described. 
( 1 ) The P-type well portion where formed are the 
memory mats having the dynamic memory cells arranged 
in a matrix is fed with the back bias voltage which is 
set to the voltage having a small absolute value 
optimized for the refresh characteristics; the P-type 
well portion where formed are the N-channel MOSFETs of 
the input circuit or output circuit connected with the 
external terminals is fed with the back bias voltage 
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which is set to the voltage having a large absolute 
value considering the undershoot voltage. As a 
result, there is achieved an effect that the P-type 
well region provided with the input circuit or output 
circuit corresponding to the external terminals can be 
protected against the understood while reducing the* 
leakage current to improve the refresh 
characteristics . 

(2) The N-channel MOSFETs other than the N-channel 
MOSFETs of the memory mats and the input circuit or 
the output circuit are formed in the second P-type 
well region and are fed with the ground potential of 
the circuit. Consequently, there is produced an 
effect that the speed of the operation can be 
increased even at a low voltage. 

(3) The first back bias voltage fed to the first 
P-type well region is produced by the charge pump 
circuit using the pulse signal which is produced by 
the internal voltage which is made constant. Hence 
there is achieved an effect that the substrate bias 
voltage can be made constant. 

Although our invention has been specifically 
described in connection with its embodiments, it 
should not be limited thereto but can naturally be 
modified in various manners without departing from the 
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gist thereof. For example, the layout of the dynamic 
RAM is not limited to that of the embodiment of Fig. 1 
but can take a variety of modes.. Likewise, the 
substrate bias generator or other internal circuits 
5 can take a variety of modes. The bias voltage may be 
produced by the internal circuit but can be fed, if 
necessary, from the outside. The P-type well region 
in which the peripheral circuit is formed is fed with 
the ground potential of the circuit, as described 

10 above, but may be fed with the same bias voltage as 

that of the memory array or the input/output circuit. 

The present invention can be broadly applied to 
not only dynamic RAMs but also a semiconductor 
integrated circuit devices such as a digital 

15 integrated circuit which is composed of memory mats 
having dynamic memory cells arranged in a matrix. 

The effects produced by the representative of the 
invention disclosed herein will be briefly described 
in the following. The P-type well portion where 

20 formed are the memory mats having the dynamic memory 
cells arranged in a matrix is fed with the back bias 
voltage which is set to the voltage having a small 
absolute value optimized for the refresh 
characteristics, and the P-type well portion where 

25 formed are the N-channel MOSFETs of the input circuit 
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or output circuit connected with the external 
terminals is fed with the back bias voltage which is 
set to the voltage having a large absolute value 
considering the undershoot voltage. As a result, the 
P-type well region provided with the input circuit or 
output circuit corresponding to the external terminals 
can be protected against the undershoot while reducing 
the leakage current to improve the refresh 
characteristics . 

In the second P-type well region, the N-channel 
MOSFETs other than the N-channel MOSFETs of the memory 
mats and the input circuit or the output circuit are 
formed and are fed with the ground potential of the 
circuit, so that the speed of the operation can be 
increased even at a low voltage. 

The first back bias voltage fed to the first 
P-type well region is produced by the charge pump 
circuit usijig the pulse signal which is produced by 
the internal voltage which is made constant,, and hence 
the substrate bias voltage can be made constant. 
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